THERE IS an almost universal clinical impression that coronary heart disease and myocardial infaretion are more common in men than in women, particularly in the younger age groups. The over-all male-female ratios are commonly given as between 3 to 1 and 5 to 1, while in the under 40 age group, ratios between 15 to 1 and 30 to 1 have been reported.l-A considerable body of evidence derived from animal and human studies suggests that estrogenic hormones may play a major role in retarding the development of coronary heart disease in young females.6 This concept has been greatly reinforced by the observations that serum lipid patterns and levels of serum cholesterol may be altered by the administration of estrogens. [7] [8] [9] If functioning ovaries provide protection against coronary heart disease, a group of noneastrated women would be expected to develop less coronary heart disease than a castrated group. To test this hypothesis, the prevalerice of coronary heart disease was determnined for a group of bilaterally oophoreetomized women, representing castrates, and a group of hysterectomized women, representing noneastrates.
Methods The primary comparisons made in this study are between a group of bilaterally oophorectomized women who had had surgical removal of both ovaries with or without hysterectomy and a group of hysterectomized women.
In a later phase of the investigation a group of women with no history of major gynecologic surgery were also studied. These were sisters of women in the two primary groups.
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Criteria for Admission to the Hysterectomy and Oophorectomy Groups Only patients of the Caucasian race were included. They had been operated upon while on the ward services of the Presbyterian, Mount Sinai, and Woman's Hospitals in New York City, and the Albany Medical Center Hospital, Albany, New York. The type of operation was confirmed by review of the pathologic report. Their age at the time of operation was not more than 45 years and 6 months in the initial phase of the study, and was later restricted to 35 years in order to limit the number of women who had short periods of ovarian function. At the time of follow-up examination they were between 35 and 64 years of age, with an interval of not less than 10 years from the time of operation to the follow-up examination.
Patients with diabetes mellitus or hypertension (defined as at least one recorded blood pressure determination of 160/100 or higher) prior to surgery, were excluded. Patients who suffered from organic heart disease of any type prior to surgery were also excluded. No patients who had had a unilateral oophorectomy or sterilization by radiation were admitted to the study. Any record of postoperative estrogen replacement therapy was carefully noted from the hospital charts, but such therapy did not preclude admnission to the study.
Case Finding Procedure
The hospital records of patients having an oophorectomy or hysterectomy were obtained by reference to the disease and operative indices of the record rooms of the particular hospitals. The charts were then carefully abstracted by a physician and those patients who met the admission criteria were included in the study. From the hospital records, it was possible to obtain the patient's last known address, next of kin, and often place RITTERBNiND ETll Al', serumti cholesterol and lipoprotein partition, and in mnost instances a two-miieter chest x-ray.
After the physician obtained a detailed family history, the patient was then questioned about her own past medical history, with particular attention to hvpertensioni, diabetes, thyroid disease, and peripheral vascular disease. In a patient with a history of heart disease, documentation from her physician, hospital records, and previous eleetrocardiooranms was sought.
The was drawn for hemnoglobin, cholesterol, and lipoproteins. If evidence for arteriosclerotic heart disease had beenl founid in the exaIminlationi, a blood sugar was also obtained. All cholesterol and lipoprotein mleasuremenieits were perforimied in one central laboratory of the :New York Citx-Health Departmnent. Cholesterol wvas determ-ined bv the m-lethod of Kendall et al. 10 The lipoproteins wvere determined electrophoretically on filter paper, with a Spinco electrophoresis cell. Separations were made overnight in barbital buffer. The paper was stained with oil red 0 for 18 hours amid washed for 1 to 2 minutes in running tap water. The strips were quantitated photometricallv in a Spineo Analvtrol.
A resting 12-lead electrocardiogram was then taken and immediately interpreted by the exainiing physician. Except where coitraindicated, a 'tandard Master double two-step exercise test was performed. After comiipletioon of the requisite nuiinber of steps, leads II V-\T Y4, and V6 were recorded immiediatelv and at 2 and 5 minutes after exercise.
The postexercise electrocardiogranms were interpreted by the criteria of Robb and Marks.l1
Flat or sagging depression of the ST seg-ment of 0.5 miii. or miore in any lead was considered to be evidence of ischemia and hence positive. T-wvave inversions and arrhvthmias were not considered abinormal. Tracings that exhibited only junctional ("J') ST-segment depression, regardless of degree, were classified as negative. In eertain instances, a definitive interpretation of the postexercise electrocardiogram could not be made, and these tracings were labeled borderline.
At the conclusion of the entire study, the two senior physicians reviewed all of the electrocar- 3. Angina pectoris. In the absence of anemia, thyroid disease, and valvular heart disease, a history of classical angina pectoris was accepted as evidence of arteriosclerotic heart disease.
A negative diagnosis of arteriosclerotic heart disease was made in any of the following situations: Coronary heart disease rates in relation to estrogen administration are shown in table 8. The arteriosclerotic heart disease rates are essentially the same in the oophorectomized and hysterectomized groups regardless of estrogen administration. It should be noted that the arteriosclerotic heart disease rates show no trend in either group with respect to the duration of estrogen administration. This is consistent with the over-all finding of no difference between the oophorectomized and the hysterectomized women in their arteriosclerotic heart disease rates.
The coronary death rates of the two groups also showed no difference. In the period 10 to 25 years after operation six of 281 (2.1 per cent) oophorectomized women alive at 10 years had died of causes suggesting arterioCirculation, Volume XXVII, February 1963 sclerotic heart disease (table 9). In the hysterectomy group for the same period, seven of 400 (1.8 per cent) alive at 10 years had died of causes suggesting arteriosclerotic heart disease.
Discussion
We have found no significant difference in the prevalence of coronary heart disease in the oophorectomized and hysterectomized women.
In view of the widely held belief that estrogen deprivation increases the risk of coronary heart disease, however, the following possibilities must be considered in the interpretation of our results: (1) Bias in the selection of patients obscured real differences in heart disease rates between the two groups. (2) Comparison based on the total amount of other endocrine organs produced quantities of estrogens sufficient to maintain the female protection" against coroliary heart disease. lS) The period of estrogen deprivation in the oophorectoinized womnen was insufficient to produce an increase in the occurrence of coronary heart disease. These hypotheses will be examined with respect to our findings anid those of other investigators.
Bias in the Selection of Patients
The criteria for entry inlto the study were the saine for the tw-o groups of women. The mnethod of selecting and of following patients was independent of any knowledge of their health status at the time of initiating the study. Identical follow-up technies were used in the two groups and patients were followed concurrently and with approxilnately equal success.
The question of course arises whether the two groups were in fact similar with respect to certain knowni faetors apart from operation whiih might coiteeivably have influenced the subsequenit development of coronary heart disease. It is apparent front the comuiparisoiis of the two groups that, in ntost respects, tllev were remarkably alike (tables 2-5).
However, in several respects whieh could colleeivably have influenced the results, namnely, losses by death, reasoni for operationi, marital status, alid parity, the two groups were not alike. Our analysis concentrated uponl those wvomeni who had at least 10 years of follow-up in order to allow a reasoniable length of tilme after operationi for developmtent of coronary lieart disease. Among this group we found no difference ill the death rates either from all causes or front coronary heart disease (table 9). In the period 0 to 9 years after operation the death rate front all causes was 14.1 per cent for oophorectomized aitd 3.8 per cent for hysterectomnized women. Deaths from cancer in oophorectomnized women, for whomn canicer had beei the indication for operation, accoulit for the major part of this difference. There were onlv two deaths from coronary heart disease in the oophorectomized group aild the same number in the hysterectomized group, yielding rates of 0.6 per cent and 0.5 Circulation, Volume XXVII, February 1963 GONADAL FUNCTION AND CORONARY HIEART DISEASE nor is there a pattern in either group in terms of increased parity.* Moreover, there was no pattern in the corolnary heart disease rates with respect to pregnancy loss.t The differences between the two operated groups with respect to parity and pregnancy loss do not appear to have affected conmparison of the total coronary heart disease rates.
Diagnosis of Arteriosclerotic Heart Disease and
Its Effect on Total Prevalence Rates of Arteriosclerotic Heart Disease It is possible that the apparenit similarities in the total arteriosclerotic heart disease rates in the oophorectomy and hysterectomy groups may conceal differences in the individual diagnostic categories, of varying degrees of certainty, of which the total is composed.
However, in the relatively more objective diagnostic category of myocardial infaretion, we find a rate of 2.2 per cent in the oophoree-*Oliverl2 reported an increased parity in a group of women with arteriosclerotic heart disease compared to a group of women without arteriosclerotic lheart disease.
fThis contrasts with Winkelstein is findings of " excess " of pregnancy loss among a group of patients with myocardial infarction as compared with a group of controls. (table 7) . This differenee could easilv occur by chance.
Hysterectomized Women and Ovarian Function
The question whether hysterectoinized womeil have ovariani func(tioil sufficielt to exert the hypothetical "protection' against coronary heart disease is of course a crucial one. We chose hysterectomiized wonmen as a (ontrol group, in tile belief that such women: had relatively normiial ovarian functioni. Thev also presumably weere subjected to the same psychic effects of tbe cessation of menses. There is controversN. in the literature wvith respect to the deleterious effects of hvsterectomy on ovarian funetion. A review of that literature and conclusion-is derived fromn it are presenited below. This study was based on the assuimptions that removal of the ovaries results in significailt estrogen deprivation, and that the ovaries of hysterectomized women conitinue to function normeally after operation. The first of these assuinptionis seems to be sup)porte(l adequatelv in the literature. The sec ond could conceivably be inivalidated as more is learnie(d about estrogen-prodLiction following hyvstereetomy'v.
If these assumptionis are indeed valid, the findinig of 110 differencee in the arteriosclerotic heart disease rates in tile two groups suggests that sonie factor or factors apart from:n ovariani function are responsible for the relative freedloii fromi (coronarv heart disease in womle as comiipared with men.
